Step three of the Forestry Reclamation Approach is to plant tree compatible ground covers. The normal reclamation sequence at the Red Hills Lignite Mine in Ackerman, MS involves planting bermudagrass (Cynodon dactylon) followed by establishment of loblolly pine (Pinus taeda) with generally 70-80% survival. The objective of this study was to evaluate bermudagrass as a compatible species for establishment of loblolly pine. Vegetative ground cover and tree counts were conducted within randomly selected 81. 
Introduction
The Forestry Reclamation Approach (FRA) was developed in Appalachia and was first described by Torbert and Burger (1990) and Torbert et al (1995) . The Powell River Project in Virginia served as the proving ground for the FRA (http://arri.osmre.gov/FRApproach.htm) with improved tree growth (Burger and Zipper, 2002) . There are five key steps under the FRA to reclaiming surface mined land to conditions suitable for forest production:
1) select suitable topsoil or topsoil substitutes 2) loosely grade selected soil materials to a depth of at least 4 feet 3) plant tree compatible ground covers 4) plant trees suitable for soil stabilization, wildlife and commercial forest production 5) use proper tree planting techniques.
The FRA developed in Virginia by Burger and associates has been found to be applicable throughout Appalachia with hardwoods and conifers. Reduced compaction is the key to improved forest productivity with FRA.
Step three of the Forestry Reclamation Approach is to plant tree compatible ground covers. The normal reclamation sequence at the Red Hills Lignite
Mine (RHM) in Ackerman, MS involves planting bermudagrass (Cynodon dactylonL.) followed by establishment of loblolly pine (Pinus taeda L.) with generally 70-80% tree survival Lang and Hawkey, 2008) . Competition from bermudagrass has been kept minimal due to lack of additional fertilizer and by adequate and copious amounts of rainfall that normally exceeds 1500 mm annually.
Mississippi Revegetation Success Standards for Commercial Forest require the Mississippi
Forestry Commission to establish a stocking rate on a case by case basis in consultation with
Mississippi Department of Environmental Quality. For RHM, the Forestry Commission recommended a survival rate of at least 500 live seedlings acre -1 (1236 ha -1 ) at bond release.
Mississippi's Commercial Forest Revegetation Success Standards further require ground cover to be at least 70%. RHM initially plants 1800 to 2000 seedlings ha -1 to offset natural seedling mortality and to avoid re-planting in the future to meet the 1236 trees ha -1 standard. As of February 2008, a total of 225 hectares have been reforested with 441,000 pine trees and 15
hectares have been planted with 11,000 mixed hardwoods.
The typical revegetation sequence at the RHM, following the respread of substitute topsoil, includes spring plantings of browntop millet (Panicum ramosum) at 22 kg ha -1 and common bermudagrass (Cydonon dactylon) at 33 kg ha -1 , planted simultaneously using a Brillion seeder (Fig. 1 ). These higher than normal seeding rates are essential for achieving quick and complete ground cover within 30 to 60 days. Reclaimed areas respread in late summer or early fall are planted with winter wheat (Triticum aestivum) into which bermudagrass and browntop millet are planted the following spring in order to establish a winter cover crop to reduce winter soil erosion as much as possible. Competition from bermudagrass is kept minimal due to lack of additional fertilizer and by adequate and copious amounts of rainfall that normally exceeds 1500 mm annually.
Figure1. Thirty day planted stand of browntop millet (right) is replaced by bermudagrass (left).
Fertilizer, as 17-17-17, is applied at 800 kg ha -1 and incorporated into respread soils during seedbed preparation for spring grass and winter grain plantings. Ammonium nitrate (34-0-0) is occasionally applied at 112 kg ha -1 during mid-summer to stimulate production of spring planted bermudagrass or spot treat areas within a bermudagrass stand that appear to be weak in appearance. Millet is mowed down within a month of spring seeding to prevent it from shading out germinating bermudagrass. Loblolly pine seedlings establish and mature to eventually shade out the bermudagrass (Fig. 2) .
Past Success 2002 To 2006
Vegetation ground cover ratings greater than 90% were achieved within 30 to 60 days from 2002 to 2005 and were maintained following pine seedling establishment .
Competition from the grass was not suppressed due to the high soil erosion potential and undoubtedly results in some seedling mortality and early growth reduction. Nonetheless, tree survival ranged from 60 to 80% and tree height growth was 0.7 to 1.5 m per year 3 to 4 years after planting (Lang and Hawkey, 2008) . The heavy bermudagrass ground cover in years 1 to 3 diminished due to a lack of additional fertilizer and was replaced by native successional species.
Unlike commercial pine plantings, hardwood species have been virtually absent during the first round of reclamation. Hardwoods sparsely volunteer within a normal southeastern USA successional pattern but they are not present until the pines are 1 to 2 meters tall and appear to have little initial potential to compete. Recruitment of grass and forb species from surrounding areas was common as bermudagrass declined. 
Objective
The objective of this study was to evaluate the effect of bermudagrass cover and composition of invading forbs during drought and non-drought years on loblolly pine survival.
Methods
During 2006, early rainfall events enabled strong stands of bermudagrass to be established on between trees could be made. Trees that were chlorotic or necrotic were not counted as healthy trees, but they were noted as living trees that may become healthy survivors in future years.
Stepwise regression analysis was used to analyze the relationships between type of vegetative competition and loblolly pine survival.
Soil was sampled to a depth of 0-30 cm as composited samples every 30 m in a Zigzag pattern along each transect and analyzed for soil fertility characteristics as described in Lang et al. (2005) . Acid Base Accounting (ABA) was determined on composited 0-30 cm samples collected as part of regulatory sampling within 4 ha grids.
Results
Each of the areas had substitute topsoil respread with excellent characteristics for establishment of loblolly pines (Tables 1 and 2 ). It consists of mixed red oxidized (ROX) near surface overburden that contains topsoil and thus a seed bank. Soil pH ranged from 5.4 to 6.7 suitable for pines (Baker and Langdon, 1990 ) and most other vegetation. (Crouse, 2001) Loblolly survival in the fall of 2007 was 500 to 900 trees per hectare in each of the four areas, regardless of herbaceous vegetative competition (Table 3) Although rainfall in 2006 was near normal for the year (Fig. 4) , there was a period of rainfall (Table 4) . (Table 5 ). The PFL area retained a healthy bermudagrass stand, but had areas with up to 90% partridge pea on two thirds of the east end. The west half of the PFL area had a 20-30% stand of partridge pea along with abundant Solidago, Eupatorium and other Asteraceae spp. (Table 6 ). There was a clear negative relationship between the occurrence of broadleaf plants, particularly partridge pea and sericea lespedeza, and loblolly pine survival during a normal rainfall year (2008). 
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Discussion
Negative effects of partridge peas on loblolly survival as indicated in this study have been reported in Texas by Redmon et al. (1997a, b) . They evaluated warm season legumes as a companion crop for loblolly pines for three years after loblolly establishment. There was a 22% mortality of loblolly pine seedlings after twelve months when grown in association with partrigde pea compared with 10% mortality when loblolly was alone or with cowpeas (Redmon et al., 1997a) . Root growth was also reduced in the presence of partridge peas by 38% compared with seedlings grown without a legume. There was 10% reduction in root growth when loblolly was grown with cowpeas. Loblolly pine grew to a height of 3.1 m with a DGH of 6.3 cm after 3 years in the presence of cowpeas (Vigna unguiculata L.) (P<0.10) compared with no legumes (Redmon et al., 1997b) . Taller growing partridge peas reduced the growth of loblolly (2.7 m height, 5.3 cm DGH) compared with cowpeas, but growth was similar to pines growing without any summer legumes (2.8 m height, 5.7 cm DGH). We found a more severe effect of partridge peas, sericea lespedeza and other broadleaf plants on loblolly pine survival even during a year with normal rainfall (2008) Numerous studies have demonstrated that herbaceous vegetation control increases early juvenile growth of loblolly pine (Miller et al, 2003 and references cited therein). On 13 sites throughout the southeastern USA, loblolly growth volume increased following initial herbaceous control by 23 to 121% at 15 years. Herbaceous and woody vegetation control during the first 1 to 5 years following loblolly establishment has been adopted as a best management practice. On surface mines, however, vegetation cover provides critical soil erosion control and helps to restore other ecological functions (Lister et al, 2004; Rodriguez and Burger, 2004) . Within FRA, noncompetitive grasses and forbs have been adopted as an alternative to vegetation suppression with herbicides (Burger and Zipper, 2002) . Nonetheless, banded application of herbicides may have beneficial effects on loblolly survival and growth on reclaimed sites with vigorous vegetation competition. Herbaceous vegetation control at RHM has not been practiced in order to maintain protective erosion ground coverage with bermudagrass. Survival success of loblolly pines has been 60 to 80% from 2001 to 2006 (Lang et al, 2007; Lang and Hawkey, 2008) .
Herbaceous forbs such as Solidago sp. and Eupatorium sp. have been common early successional invaders of reclaimed soil at RHM along with marestail during the first season after bermudagrass establishment.
First year survival has been shown to increase following herbaceous vegetation control on compacted, drought prone sites (Yeiser and Williams, 1996) or in years or areas with low rainfall (Miller et al, 2003; Dougherty and Lower. 1991) . Survival increased in Oklahoma from 31% without vegetation control to 81% with vegetation control. In Georgia with greater rainfall survival was 74% without vegetation control and increased to 87% with vegetation control Dougherty and Lower, 1991) .
In southwest Arkansas and southeast Oklahoma, Yeiser and Williams (1996) Williams found a 17% increase in loblolly survival with most of the increase occurring on compacted pasture sites. Miller et al (2003) found no significant increase in loblolly survival on 11 of 13 sites in response to complete herbaceous and woody vegetation control. Most of
Miller's sites were in the eastern portion of southeastern USA with generally adequate rainfall.
The two sites where loblolly survival increased in response to vegetation control were in drier western portions of southeastern USA. Loblolly survival response to herbaceous vegetation control was important on compacted sites or in regions or seasons with inadequate rainfall and may be more important than reduction of competition from bermudagrass per se.
Grass competition induced reductions in soil moisture can adversely affect first year growth and survival that would be magnified during drought years. The effect of crabgrass (Digitaria spp.) competition during induced water stress on loblolly seedling growth was studied in a 2 m deep rhizotron by Ludovici and Morris (1997) for 32 weeks. Seedling survival was reduced by 16%, height was reduced by 33% and diameter was reduced by 50% compared with seedlings grown in the absence of crabgrass. Soil moisture was 50% lower in rhizotron cells in mixed pine-grass compared with pine only cells. that herbicide suppression would be beneficial to loblolly pine survival. Given that the risk of soil erosion is high in an environment with 1500 mm annual rainfall, and that pine survival has generally been sufficient to successfully establish 1200 to 1500 trees ha -1 without use of grass vegetation control, omission of grass suppression herbicides appears to be warranted. Control of bermudagrass in particular may not be beneficial, except on prime farmland respread, since it lacks its normal competitive ability without additional nitrogen fertilizer, indicating that bermudagrass is a tree compatible species for establishment of loblolly pines.
